Anaerobic digestion of autoclaved (160 °C, 6.2 bar) and untreated source segregated 9 food waste (FW) was compared over 473 days in semi-continuously fed mesophilic 10 reactors with trace elements supplementation, at organic loading rates ( 
Introduction 25
Anaerobic digestion is an efficient technique for the treatment of source 26 segregated biodegradable municipal wastes, e.g. biowastes and food waste (FW), as it 27 recovers energy in the form of biogas for use in combined heat and power (CHP) plants, 28 in vehicles and for grid injection; and also allows recycling of nutrients through 29 application of digestion residues in crop production. increased CH 4 yield by 30 % (Sawayama et al. 1997 ). Improved methane production has 57 also been observed in continuously-stirred tank reactors (CSTRs) treating waste 58 activated sludge (WAS), with 12 % and 25 % increases after autoclaving at 135 °C and 59 190 °C, respectively (Bougrier et al. 2007) . 60
In contrast, more aggressive thermal and hydrothermal pre-treatments at higher 61 temperatures (around 180 °C) have been reported to decrease biodegradability and 62 biogas production during anaerobic digestion of WAS and sewage sludge (Bougrier et 63 al. 2008 , Pinnekamp 1989 . This is believed to be related to the formation of complex 64 and inhibitory Maillard compounds, produced by reactions between amino acids and 65
Biochemical and residual methane potential assays 135
BMP and RMP assays were performed at 37 °C using automated testing 136 equipment (Bioprocess Control Ltd, Sweden). The assays were mixed mechanically (84 137 rpm) for one minute per hour. Carbon dioxide was absorbed by NaOH before the 138 automated gas volume measurement, which was based on liquid displacement. Assays 139 were conducted in duplicate or triplicate, each with a total liquid volume of 400 ml 140 (BMP) or 200 ml (RMP assays). The inoculum to substrate ratio in BMP assays was 1:1 141 on a VS basis. NaHCO 3 (3 g/l) was used as a buffer and if the pH was lower than 7.5 it 142 was adjusted to around 8 with 3 M NaOH. In RMP assays digestates from the STR 143 reactors were incubated without inoculum. Samples for VFA analysis were centrifuged (1831 × g, 10 min) and filtered with 159
Chromafil GF/PET-20/25 filters. Concentrations of acetic, propionic, iso-butyric, n-160 butyric, iso-valeric, valeric and caproic acids were determined using a HP 6890 gas 161 chromatograph with an HP 7683 autosampler (Hewlett-Packard, Little Falls, USA) and 162 GC ChemStation Rev. B.03.02 software. The GC was fitted with a 10 m x 0.53 mm x 1 163 μm HP-FFAP capillary column (Agilent Technologies, USA) and a flame ionisation 164 detector with helium as a carrier gas (9 ml/min). Oven temperatures were 60-78 °C (25 165 °C/min), isothermal 1 min, 150 °C (7.5 °C/min) and 25 °C/min to 180 °C with 3 min 166 final time. The injector and detector temperatures were 220 °C and 280 °C, 167 respectively. 168
From day 1 to 195 methane composition was determined automatically during 169 emptying of the gas storage vessel by infrared analysis (ExTox Gasmess-Systeme 170 GmbH, Germany). From day 195 to 314, gas composition was analysed using a portable 171 Combimass GA-m gas analyzer (Binder Engineering GmbH, Germany), and during 172 days 315-446 the infrared measuring equipment was used. 173
The reactor was fed for 5 days a week, but the OLR in kgVS/m 3 day is expressed 174 as the average daily weight of substrate fed to the reactor over a one-week period. HRT 175 was calculated based on feedstock densities. All biogas and methane yields were 176 converted to STP conditions (0 °C, 100 kPa) according to the ideal gas law. Methane 177 yields in the RMP assays were calculated in two ways; by dividing the cumulative 178 methane production by the 1) VS of the added digestate and 2) by the VS of the feed of 179 the semi-continuous reactors at the time of digestate sampling. The latter enables direct 180 comparison of the methane yield in the RMP with that in the reactors. Free ammonia 181 (NH 3 -N) concentrations were calculated according to Anthonisen et al. (1976) : 182 further increased to 6 kgVS/m 3 day methane yields decreased by 12 % and 11 % in 231 untreated FW and autoclaved FW, respectively. The specific methane yield for 232 autoclaved FW was lower at OLR 2 kgVS/m 3 day than at higher OLRs, which could 233 possibly indicate some acclimatisation. This was not seen in the untreated FW where 234 the lowest specific methane yield occurred at OLR 6 kgVS/m 3 day, which could indicate 235 retarded hydrolysis as no increased SCOD nor VFA was detected. At OLR 6 236 kgVS/m 3 day the difference in methane yields between the parallel (R2 and R4) and 237 original (R1 and R3) reactors was < 7 % (Table 2) . 238
In reactors R1 and R3 relatively long operating times were applied, to allow the 239 process to stabilise between incremental increases in OLR. Using this approach, stable 240 digestion of both autoclaved and untreated FW was achieved at the relatively high OLR 241 of 6 kgVS/m 3 day. It was also shown, however, that when an inoculum acclimated to the 242 feedstocks was used in R2 and R4, the OLR could be rapidly increased without 243 operational disturbances such as VFA accumulation. The maximum loading rates 244 applied were similar to the 6.64 kgVS/m 3 day achieved by Zhang and Jahng (2012) and 245 higher than the 5 kgVS/m 3 day of Banks et al. (2012) . Both of these long-term digestion 246 studies used trace elements supplementation, as did the present study. 247
As far as is known, this is the first study to report anaerobic digestion of 248 autoclaved food waste in a semi-continuously fed system. Methane yields of 0. With mixed biowastes, the benefits of increased biogas production due to 266 improved degradation of ligno-cellulosic materials may outweigh any losses in 267 biodegradability as a result of formation of recalcitrant compounds during thermal 268 treatment. FW, however, has a relatively low ligno-cellulosic fibre content compared to 269 other municipal biowaste components (e.g. garden or yard waste, paper and card), and 270 in the present study the net effect of treatment was a reduction in specific methane yield. 271
This balance may however change with different autoclaving conditions, and in 272 particular a lowering of temperature may produce more favourable results. 273
Digestion parameters 274
Results for pH, VFA, TS, VS, SCOD, NH 4 -N, TKN are presented in Table 2 and 275 OLR was increased to 6 kgVS/m 3 day there was an increase in solids concentrations in 297 the untreated FW reactor, which was not apparent with the autoclaved FW. The initial 298 TKN concentration in both reactors was 4.9 g N/kg and showed a similar increase to ~8 299 g N/kg by around day 200. TKN in the untreated FW reactor continued to increase until 300 around day 300 at which point it stabilised at ~9 g N/kg, whereas for the autoclaved FW 301 it remained at ~8 g N/kg. The differences in TKN reflected the differences in feedstock 302
concentrations. The increases in solids content were most likely associated with the 303 increase in loading, although it is possible that some accumulation was due to 304 stratification despite the intermittent mixing, as surplus digestate was discharged from 305 an overflow at the top of the reactor. Mass balance calculations affirmed, in the 306 beginning of OLR 4 kgVS/m 3 day, that accumulation of TKN was taking place. 307
The SCOD concentration in both reactors increased from around 10 g/l to over 20 308 g/l during the first 300 days of operation, then stabilised in the autoclaved FW reactor. 309
In the untreated FW reactor the SCOD increased sharply to ~36 g/l for over 50 days 310 then decreased equally sharply in the end of the run: these variations did not correspond 311 to changes in OLR and were not accomplished with changes in methane yield nor 312 digestate VFA. Total VFA concentrations accounted for only 0.5-2 % of the SCOD. A 313 probable explanation for the general increase in SCOD in both reactors is an increase in 314 the quantity of soluble microbial products present in the digestate; this phenomenon has 315 previously been observed with solid substrates and at long retention times (Kuo et al. The pH value in the untreated FW reactor rose to around 7.8 by day 55 and 330 remained relatively stable until the OLR was raised to 6 kgVS/m 3 day, at which point it 331 fell very slightly. In the autoclaved reactor after a slight initial rise pH decreased during 332 the experimental run to a final value of around 7.3. These pH values reflect the relative 333 there was no evidence of the VFA accumulation that is often associated with ammonia 338 toxicity, and the free ammonia concentrations were similar to those previously observed 339 in FW digestion . 340
Gas composition 341
The biogas methane content in both autoclaved and untreated FW digesters was 342 similar and ranged between 55-63 % during the experiment, with an average of around 343 58% (Table 2, Figure 2) . It did not appear to be affected by changes in applied OLR. In 344 contrast, in a study by Zhang and Jahng (2012) 
